Abstract: This paper examines how the accumulation of human capital determines both a country's growth rate and income inequality. In contrast to previous work, we do not rely on credit market imperfections or political economy arguments. The insight of this model is that inequality is determined by the relative strength of the forces increasing the supply of skills -education-and those increasing the demand for skills -technical change-. We endogenize productivity differentials between skilled and unskilled labor by postulating that they exhibit different degrees of complementarity with new technologies. Our results identify parameters that are central to the evolution of inequality during the development process. We characterise development thresholds when countries switch endogenously from pure learning to directed R&D, and we show that biased technical change can generate multiple equilibria that are consistent with the cross country data on inequality and skill premia.
Introduction
The relationship between equity and growth is of fundamental interest not only to economists, but also to policy-makers. Despite the fact that the empirical literature on the subject dates back to Kuznets (1955) , no definitive stylized facts have emerged that show how inequality and growth interact during the development process. 1 This lack of a clear relation between inequality and growth may be partly due to the dual role of human capital in development. While higher rates of growth are associated with greater levels of human capital, the empirical literature suggests that the relationship between human capital and inequality is ambiguous since countries with significantly different levels of human capital exhibit similar returns to education.
2
In an attempt to analyze the relationship between human capital and inequality, Tinbergen (1975) suggested that inequality was ultimately determined by the opposing effects that technology (skilled labor demand) and education (skilled labor supply) exerted on the relative wage. He stipulated that the relationship between growth and inequality was determined by the "race between technological development and education" (1975 p. 97 ). Tinbergen's statement has not been formalized and the task of this paper is to model both effects explicitly to shed light on the remarkably diverse empirical relationship between human capital and inequality.
Our analysis utilizes the insights of the New Growth Theory, which emphasizes the endogeneity of technical change and human capital. We show that explicit modeling of endogenous human capital and technology suggests that the relationship between growth and inequality is indeed complex due to the offsetting supply and demand effects.
The direct effect of greater supplies of human capital is to lower the skill premium and inequality. Indirectly, however, more human capital also generates more innovations, which in turn increase the demand for skilled workers to absorb new technologies into production. As a result, the model predicts a non-monotonic relationship between educational attainment and inequality, which may explain why empirical cross-country 1 Cross-country evidence on the effect of growth on inequality and on that of inequality on growth is inconclusive (see Anand and Kanbur, 1993a , Deininger and Squire, 1998 , and Forbes, 1999 , while historical and recent time series shows a diversity of experiences (Williamson 1991 , and Gottschalk and Smeeding, 1997 . For a review see, Aghion, Caroli and García-Peñalosa, (1999) . 2 See, for example, Acemoglu, (1999) and Chiu (1998) .
analyses of the determinants of income inequality across countries tend to find that school enrollment rates have little explanatory power.
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The model has three essential features. First, we explicitly introduce costs and externalities in education, and examine how both relate to learning-by-doing and R&D intensity. 4 Second, we endogenize the determinants of the skill-bias of labor demand: the complementarity between technology and skilled and unskilled labor. Essentially we provide structure to the Nelson and Phelp (1966) hypothesis that education provides more than an increase in the efficiency units of labor supplied by workers. Third, we differentiate between deliberate R&D and serendipitous learning by doing. R&D is the more costly, but also potentially the more productive means of innovation. In addition, deliberate R&D is assumed to require an adequate number of researchers, otherwise the research output is insufficient to justify the cost of a separate R&D sector. As a result, the model determines endogenously which countries rely only on learning or also on R&D in order to provide a possible rational for the threshold effects that are abound in the development literature.
The results derived in the paper attract attention to parameters that are central to the supply and demand of human capital, but which have been absent from previous theoretical and empirical analyses of the inequality and growth relationship. We find that either the size of the externality, or the elasticity of substitution between skilled and unskilled in production determine the pattern of inequality during the process of development. Countries that cannot realize large externalities in the education process are likely to exhibit a lower skill level, and high inequality, as R&D is costly, unrewarding, and difficult to implement. A low elasticity of substitution between skilled and unskilled labor (because of labor laws or the type of products produced, for example) implies that the relative wage declines as growth and human capital accumulation accelerates. This occurs because the lack of substitution between the two types of labor renders wages particularly responsive to changes in the supply. Intermediate ranges for either the elasticity of substitution or the externality in education may generate multiple equilibria 3 See Bourguignon and Morrisson (1998 table 3 ) and Breen and García-Peñalosa (1999) . 4 Rather than focusing on parental effects in education (as Galor and Tsiddon 1996 , for example), we are concerned with group externalities in education, following the growing literature on external effects within with either falling or U-shaped wage inequality as human capital and growth increase.
Such behavior could help explain the findings of Anand and Kanbur (1993a) that when estimating the relationship between income inequality and development for a crosssection of countries, the data is best approximated by a U-shaped function.
These implications mirror Tinbergen's (1975) hypothesis that the pattern of relative wages along the development path depends on the strength of the demand for skills exerted by technology and the supply of skills generated by education. Our model emphasizes that whether a country experiences rising or falling inequality as the growth rate increases depends on the externality (social returns) in education, the evolution of the direct cost of education, and the elasticity of substitution in production between skilled and unskilled. In addition, we highlight that the strength of the demand and supply forces also depend on the research productivity and the learning content of production goods, which in turn also influence the relationship between growth and inequality. Neither of these variables has thus far been included in the regressions that attempt to untangle the relationship between inequality and growth across or within countries. Since it is likely that the use of advanced technologies lowers the elasticity of substitution of skilled and unskilled in production, the product mix of a country should also enter as an important determinant into growth and inequality regressions.
Our second result is the endogenous emergence of poverty traps. Azariadis and Drazen (1990) examined the implications of threshold effects on the supply side, while Acemoglu (1996) and Redding (1996) introduced poverty traps due to coordination problem between firms and workers. 5 Our model provides another possible mechanism for poverty traps: the interdependence of the supply and demand for skilled labor, when technical change is skill-biased. Essentially, a greater supply of skilled labor increases the rate of technical change, which in turn increases the relative demand for skilled workers to absorb the new technology into production. The extra demand provides additional incentives to invest in education, hence the economy finds itself in a virtuous cycle.
Alternatively a low-growth trap is feasible, where a low relative wage, a small stock of human capital, and slow growth generate few incentives to invest in skills.
schools and the role of "social capital" in human capital accumulation. See Tamura (1991) and Benabou (1996a Benabou ( , 1996b for models with externalities at the school level, and Borjas (1995) for related evidence.
The existence of multiple equilibria convergence clubs is consistent with recent empirical findings (see, for example, Quah 1996). In our model development thresholds are endogenously generated, since the move from learning to R&D occurs only when the income generated from R&D justifies the factor payments to the sector. Intuitively, it is not sensible to conduct R&D if the resource costs outweigh the benefits from the R&D.
With few skilled workers, the research output is small, the costs of implementing new technology are high, and the benefits to the final good production are reduced. In addition, the benefits to R&D are even further depressed as slow rates of technical change can easily be handled by unskilled labor.
The previous literature on inequality and growth falls into several different classes. The early literature stipulates imperfect mobility between distinct sectors (from agriculture to industry), which affects the distribution of labor incomes. 6 Recent approaches are based on capital market imperfections, where credit imperfections constrain the amount of human or physical capital to be accumulated and thus affect inequality. 7 We do not rely on credit constraints but on endogenous productivity differentials and on threshold externalities in research to generate inequality along the development path. Instead of credit markets or unequal ex ante distributions of human capital, it is the technology-driven labor demand that is central to explaining inequality and development in our model. An alternative, political economy approach relies on socio political (in)stability and redistribution to generate inequality that is consistent with the data. 8 In contrast to the above models our focus follows the empirical analyses of inequality that track the evolution of the differences between skilled and unskilled wages, as exemplified by the work of Williamson (1991 Williamson ( , 1999 . Galor and Tsiddon (1996) also examine the effects of technological change on human capital accumulation and the skill premium, however, their inequality pattern within and across countries is driven by the initial distribution of human capital.
The structure of the paper is as follows. Section 2 presents the model, specifying the relative demand for labor, the supply of skills, and technological change. Section 3 5 See Azariadis (1996) for a survey on the literature on poverty traps. 6 See Kuznets (1953) , Harris and Todaro (1970) . 7 see Galor and Zeira (1993) , Banerjee and Newman (1993) , Chiu (1998) .
describes the general equilibrium and stationary states, and section 4 the possible patterns of inequality and growth and how they depend on parameter values. We then discuss our results in the light of empirical evidence, and examine possible policy options. Section 6 concludes.
Production structure

Final and Intermediate Goods
A competitive final goods sector produces one homogeneous output using human capital and a variety of intermediate inputs. The basic production structure of the final good is based on Romer (1990) , with output being produced according to 
Our aim is to provide additional structure to the absorption process that differentiates skilled and unskilled labor. 
where P t S denotes skilled labor employed in production and U t unskilled labor. We will restrict the degree of substitutability between the two types of labor, and assume that
. The resulting elasticity of substitution,
, then takes values in the interval ) , 1 ( ∞ , implying that skilled and unskilled labor in production are imperfect substitutes. Equation (3) also implies that the relative shares of skilled and unskilled in the total effective labor force (or in the total product) are a function of the rate of technological change. This assumption is akin to the Nelson and Phelps (1966) argument that greater skills allow for faster adoption of technology. It also receives strong support from empirical studies, such as Bartel and Lichtenberg (1987) , who show that the relative demand for skilled workers declines in the age of plant and equipment and that technology enters labor demand non-neutrally.
Alternatively, one could interpret the disaggregation as one where workers without skills can only use older technologies, as only skilled labor is capable of working with cutting edge technologies in production. Hence, the production structure incorporates the notion that not only the absolute, but also the relative productivities of skilled to unskilled labor change with the level of development, or with the rate of progress observed in an economy.
From (1) and (3) the labor demand can be derived as a function of the rate of technological change and the relative wage of skilled to unskilled labor, t ω :
Equation (4) shows that, on the production side, the relative wage is determined by two standard factors: relative factor supplies and relative productivity. The later is, however, 9 See the appendix for the complete intermediate firm problem.
determined by technological change. An increase in the relative supply of skilled workers lowers the relative wage, while an increase in the rate of technological change raises it .
Depending on the strength of each factor, the effects of an increase in technological change may well outweigh the effects of concurrent increases in the skilled labor force.
Factor Supplies
This section outlines the incentives to invest in education, given the relative returns to skilled and unskilled labor. Agents live for two periods, work only when young and, for simplicity, consume only when old. Let S t denote the total number of skilled workers in the economy, and U t the number of unskilled workers. We normalize the size of the population to unity, which implies the labor constraint
Skilled workers can be employed either in production, Ω is the utility function. To allow for differential taxation of skilled and unskilled, we impose an income tax of τ only on skilled wages. Let the return on savings be r and the discount factor b. Then, the utility of a skilled worker born at time t can be written as a function of her wage income net of the education cost
Agents choose to invest in skills if the utility in (6) exceeds that of remaining unskilled,
In equilibrium, the instantaneous utilities of skilled and unskilled must be equal, which immediately implies a level of ability that renders agents indifferent between investing in education or working as unskilled:
. The labor constraint (5) together with the uniform ability distribution, or
, and utility equalization allow us to express the relative wage as a function of the number of skilled workers,
10 See Coleman (1990) for a discussion of social capital and its impact on educational attainment, Borjas (1995) for evidence of externalities at the school level, and Psacharopulous and Woodhall (1985) for evidence that initial years of schooling are usually the most cost effective and productive in terms of educational expenditures. 11 As we will show in the appendix,
is required for stability. 12 See Appendix 1 for a description of the capital market equilibrium
The above inverse labor supply equation gives the relative wage needed to induce S workers to invest in skills. The relative wage first declines and then rises in the stock of skilled labor. The initial decline reflects the decrease in the cost of education as more agents opt for education. Subsequently, the rising opportunity and effort costs dominate to force an increase in the relative wage to elicit a greater supply of skilled labor. The relative wage equation thus highlights the effects of increasing returns to education at different stages of development. For low levels of development, the abundance of unskilled labor keeps the opportunity cost low, which combines with high returns to education and large spillovers to provide strong incentives to invest in education. As the stock of skilled workers rise, so do the opportunity and effort costs, which eventually outweigh the effects of the education externality.
Expressed in the wage-labor space, ( )
, the labor supply function, (7), shifts upwards as the direct cost of education increases, ρ , and its minimum occurs at ( )
. Hence an increase in the externality moves the minimum to the right, implying that stronger externalities in education prolong the decline in relative wages.
The differential tax rate that is levied on skilled workers shifts the curve up, as it increases the relative wage to induce an equal amount of skilled to seek education. These findings pertaining to the externality, the tax, and the direct cost of education are summarized in proposition 1. Learning by doing takes place as skilled workers serendipitously discover better technologies during the production processes. We assume that it takes the form , 1
The exclusive reliance on learning by doing is thought to be limited to the early stages of development when skilled labor is perhaps too scarce to allow for a dedicated research and development activity. In our model, a country switches endogenously to deliberate R&D, once it has attained a sufficient number of skilled labor. To simplify the research sector, we follow Shell (1967) and Grossman and Helpman (1991, section 2.4) and assume that research is financed by a public entity that raises revenues through tax collections, τ . 13 When a number of researchers R t S are employed, the economy produces technological blue-prints according to
In equation (9) we posit that technical change is an amalgam of learning by doing and research effort. Hence, learning does not cease when R&D is undertaken, but it continues to contribute to the technology output.
More importantly, however, is the assumption that a sufficiently large number of skilled researchers, R t S , is required to generate a rate of technological change that exceeds pure learning by doing. Consistent with the motivation for (8), equation (9) reflects that R&D is not necessarily sensible for all types of economies. For low levels of skilled labor, R&D will not be profitable -not just in terms of final output but also in terms of the generated rate of technical change. Only after a country is sufficiently developed in terms of its supply and demand for skilled labor, will deliberate R&D be done. When R&D becomes economically feasible, the dedicated research effort generates a crucial advantage over the pure learning by doing: it leads to greater advances in knowledge.
Having specified the mechanics of technical change, we can write the labor constraint for skilled workers when R&D is undertaken as
. If no R&D is done, all skilled labor work in production.
We assume that when the government undertakes R&D, the blue-prints are put in the public domain and can be used at no cost. Research is financed by tax revenues, and the fiscal budget is always balanced. The budget constraint is then
. Any excess revenues at the end of the period are classified as fiscal waste.
Given the budget constraint and the skilled labor market constraint, we find that the number of skilled workers that contribute to R&D and to production is given by
We can now utilize the equations for technological change under LBD and R&D, (8) and (9), and substitute for the division of skilled labor, (10) and (11), into equation (4) to derive the inverse relative labor demands under the two regimes. That is,
Equations (12) and (13) imply that the demand for skilled labor is a lagged function of its supply, as the relative wage is decreasing in the current stock of skilled labor but increasing in the last period's stock. The reason for this is that a greater proportion of skilled labor in period t-1 results in faster technological change, which means that the productivity of skilled labor is growing more rapidly than that of unskilled labor. This raises the demand for skills at t, and therefore the wage ratio for any given supply.
General Equilibrium and Stationary States
General equilibrium in the goods and factor markets is attained by equating the labor supply, given in equation (7), to the labor demand, (12) and (13), which renders two differential equations in S t and S t-1 . The exact expressions for these equations are given in the appendix. 14 In what follows we impose the restriction that
, that is, the education externality is not too strong given the elasticity of substitution between the two types of labor. This ensures that S t is increasing in the previous period's stock of skills.
The equilibrium is best expressed in ( ) is the source of technical change. 15 However, when deliberate R&D effort is used in the economy, the labor demand becomes log-concave and intersects the horizontal axis at S = 0 and S = 1. The demand for labor under R&D is initially upward sloping since more researchers raise the marginal product of skilled labor in output and allow for more R&D, which again improves the productivity of skilled labor in production. Demand cannot be upward sloping throughout, since unskilled labor eventually becomes sufficiently scarce to exert downward pressure on the relative wage.
R&D labor demand reaches its maximum at a level of the skilled labor supply
. This implies that increased productivity in learning, γ , prolongs the upward sloping section of the relative demand curve, since more skilled workers generate sufficiently greater technological change to justify prolonged relative wage increases. A higher elasticity of substitution between skilled and unskilled (that is, a lower α ), has the same effect, as it slows down the rate at which the scarcity of unskilled labor reduces the relative wage.
The intersection between the LBD and R&D labor demand curves implies a development threshold. No R&D will be undertaken until the productivity of skilled workers in the R&D regime starts to exceed that of the LBD regime. The critical level of skilled labor necessary to equalize the productivities is
. This shows that the development threshold decreases in the productivity of researchers and in the tax rate. 16 An economy with more productive researchers thus finds deliberate R&D rewarding for lower levels of skilled labor. Equivalently, an economy that diverts a greater share of income to finance research allocates a relatively larger share of its skilled labor force to the R&D sector, which renders R&D attractive at lower levels of development. Hence the aggregate labor demand function is a titled S shape as seen in figure 1.
Proposition 2 "Labor Demand"
Research 
. The limit on the learning productivity is necessary so that firms do not employ workers only because of their contribution to learning by doing rather than production. 16 Alternatively, the government could choose to start doing research when the stock of skilled labor is high enough to make the output of the R&D sector is equal to that obtained under learning-by-doing. From equations (8) and (9) this occurs when S is S S1 > = βτ . If this were the threshold at which R&D starts, none of the results in Propositions 2 and 3 would change, the only difference being that there would be a discontinuity in the steady state demand function. Economies that are more technologically advanced and that possess a sufficiently large stock of skilled labor (phase two) surpass the development threshold and switch endogenously to a dedicated R&D sector. At this stage of development, the active R&D sector produces significantly greater technical change causing the technology driven demand for skilled labor to outweigh the labor supply effect. Hence, due to the strong technology-skill complementarity in production, the relative wage initially rises together with the stock of skilled labor.
Countries in advanced stages of development (phase three) find that the increasing scarcity of unskilled labor exerts ever-stronger downward pressure on the relative wage to mute the effects of skill biased technical change. To rule out an equilibrium where all workers in the economy invest in skills, the relative wage declines to zero as the number of skilled workers approaches unity. Once labor supply is added, these three stages of development will be associated with three possible equilibria. 
Human Capital, Inequality and Growth
Possible Equilibria and Wage Profiles
It is most convenient to examine the possible equilibria and wage time profiles in figures 2a-2e. These figures depict the steady state labor demand and labor supply functions, hence the intersections between the two represent possible steady state equilibria. Note, however, that the economy is always on the labor supply function, as it represents the wage required at time t given the supply of skills in that period. Hence, the development process will consist of movements along this curve until a steady state equilibrium is reached.
Four classes of equilibria can be identified. The first two categories consist of equilibria 2a (2c), where greater levels of human capital and growth are associated with monotonic increases (decreases) in inequality. Two conditions combine to allow declining relative wages to be associated with equilibria that feature successively higher growth rates. The first condition is a prolonged decline of the labor supply function; the second, an early decline of the relative demand for skilled labor under the R&D regime.
A strong externality in education allows for the former, while a low degree of substitution and low learning productivity accomplishes the latter. The two conditions that combine to generate increasing relative wages are exactly opposite to those necessary for the previous case. A shortened decline of the labor supply function (due to a weak externality in education) and a late decline of the relative demand for skilled labor under the R&D regime (because of a high degree of substitution and great learning productivity) suffice.
A third pattern of inequality is shown in Fig 2b. Here the relationship between inequality and growth reverses as the endogenous stock of skilled labor increases. A low growth equilibrium is associated with low equality, a medium growth equilibrium shows increased equality, but the high growth equilibrium finally exhibits high levels of inequality. This situation is observed for intermediate values of the externality in education, the elasticity of substitution, and the extent of learning-by-doing.
Finally the fourth class of equilibria is shown in 2d and 2e. In both cases the economy exhibits a unique equilibrium with (without) R&D. Each equilibrium is attained independently of the initial conditions. If R&D is conducted (2d), the country moves toward the unique stable equilibrium by skipping the pure learning stage in its entirety. If instead the economy converges to the pure LBD equilibrium, R&D is never performed, no matter how great the initial level of skilled labor may have been. The existence of unique equilibria depends on the direct cost of education, ρ , the externality in education, σ , (decreases in both parameters shift the labor supply function down to rule out the R&D equilibrium), and on the productivity in research, β , (which not only shifts the 17 In the case of multiple equilibria, Appendix 2 proves that only the odd numbered equilibria are stable. labor demand, but also reduces the development threshold, S , and renders R&D attractive at lower levels of human capital). We can summarize these findings and state in conjunction with appendix 2:
Proposition 3 "Inequality and Growth"
The economy exhibits at most three equilibria. 
Significance of the Results
Research productivity and the direct cost of education are crucial for determining not only the character of an equilibrium (high-growth or poverty-trap) but also whether multiple equilibria can exist. A country with low costs of education and high R&D sector productivity may skip the pure LBD stage in its entirety and move to a unique R&D equilibrium, independent of the initial human capital stock. High direct costs of education, in contrast, and low research productivity make it unlikely for countries to surpass the learning by doing stage. Intermediate ranges of these parameters imply multiple equilibria that occur in triplets of low, medium and high growth.
If multiple equilibria are observed, the externality in education and the elasticity of substitution between skilled and unskilled determine the relation between successively higher growth equilibria and the relative wage. High (low) externalities in education and a low (high) substitutability of skilled and unskilled workers in production generate equilibria where successively higher growth rates are associated with ever-lower (greater) inequality. Multiplicity results in poverty traps, where countries are trapped in a no-R&D equilibrium, even though a high growth equilibrium would be feasible for the economy's parameter values. Only if the initial stock of labor exceeds the level associated with the unstable, middle equilibrium, does the country converge to the stable R&D equilibrium.
If the initial level of skilled labor is not sufficiently high, the country reverts to the development trap in which only learning by doing generates technical change. With multiplicity, history matters dramatically, as initial conditions determine whether the country finds itself with an active research sector or not. It renders development pathdependent, since countries with similar technological parameters may now gravitate to either the low or high growth equilibrium.
Multiplicity emerges as the result of two features of our economy: skilled-biased technical change and the fact that new knowledge is generated by skilled labor.
Essentially, a greater supply of skilled workers accelerates technical change, which in turn increases the relative demand for these workers in order to absorb the new technology. Because demand is high, there are enough incentives to invest in education and the greater stock of skilled labor is supported by equilibrium wages. The economy thus finds itself in a virtuous cycle. Alternatively, the economy can be stuck in a lowgrowth trap, where a low relative wage, caused by the fact that slow technical change implies a small demand for educated labor, generates no incentives for workers to further invest in skills. These features of the model thus formalize Tinbergen's (1975) hypothesis that the pattern of relative wages along the development path depends on the strength of the demand for skills exerted by technology and the supply of skills generated by education.
Unlike in Shell (1967) who modeled the public provision of technology, an increase in publicly funded R&D expenditures does not unambiguously increase economic growth. As in previous models that incorporate productive government spending (e.g., Barro, 1990) , the tax in our model has two opposing effects on the growth. Higher taxes affect the provision of new productive technology, but also present additional disincentives to accumulate the crucial resource that drives economic growth: human capital. Because revenues are generated through a tax on skilled wages, a change in the tax rate affects both the supply and the demand for skills. A higher tax rate increases the proportion of educated workers employed in the research sector, thus raising the rate of technical change and shifting upwards the labor demand function (see Proposition 2). At the same time, a higher tax reduces the net income of skilled workers.
The incentives to invest in skills are diminished and the stock of skilled workers falls, shifting downwards the labor supply (see Proposition 1). Consequently, the total number of researchers, and hence the growth rate, may be greater or smaller than under the lower tax rate. In other words, if research expenditures are financed through a progressive labor income tax, a higher tax rate may reduce R&D expenditure because of its effect on the supply of researchers.
Conclusion
There is no clear empirical regularity that describes the evolution of inequality along the development process, either within or across countries. Recent dual economy models have provided a possible explanation. Expanding the original Kuznets argument to allow for intra-sectoral inequality, yields the possibility of inequality patterns different from the traditional inverse-U shaped relationship (see Kanbur, 1993b, and Fields, 1993) . This paper has presented an alternative mechanism based on the dual role of human capital. We have argued that the stock of educated workers in an economy determines both the degree of income inequality and the rate of growth, and that the parameters of the demand for and the supply of labor are crucial determinants of whether inequality increases or decreases as an economy accumulates human capital.
The driving force of the model is a production function where the relative productivity of skilled to unskilled labor changes with the rate of technical change. New technologies are in turn generated by skilled workers, which implies that the relative demand for labor, and hence the skill premium, are not monotonically decreasing in the stock of skills in the economy. When we pair this demand function with a supply of labor function, we find, first, that multiple equilibria are possible, and, second, that as a country accumulates skills inequality may increase, decrease, or follow a U-shaped path. The trajectory followed by a particular country will depend on the direct cost of education, the extent of externalities in the education process, and the elasticity of substitution between skilled and unskilled workers in production.
Of course we make no claim that this is the only, or even the main, determinant of inequality. We simply believe that it is an important part of the story. This is particularly so, given that the "source" of growth seems to have changed substantially. In the words of Williamson (1991, p. 90) (12) and (13), we obtain the first order difference equations that govern the dynamics of the stock of skilled labor in the economy for the LBD and R&D case, respectively: In order to examine the dynamics of the model, we depict the right-and left-hand sides of equations (A2.1) and (A2.2) graphically in figure A.1. Under the assumption σ α ≥ + 1 , the function ) ( t S Ψ has the following properties:
is first concave and then convex, Similarly, a strong education externality (low value of σ ) the shifts down ) ( t S Ψ , implying that a sufficiently weak (strong) externality is required for the LBD equilibrium (R&D equilibria) to exist. A high research productivity, β , makes the ) (S h function steeper and moves the threshold S to the left. As a result, the intersection These three conditions have intuitive interpretations. Equation (A2.3) says that in order to have multiple equilibria, the difference between the productivity of R&D and that of learning-by-doing must be large enough relative to the elasticity of substitution between the two types of labor. That is, the behavior of the economy on the two phases must be "different enough". Equations (A2.4) and (A2.5) imply that the direct cost of education determines the possible type of equilibria. A LBD (or low-growth) equilibrium exists only if the cost of education is sufficiently high, relative to the externality and the productivities of skilled labor in generating technological change. Similarly an R&D equilibrium exists only if the direct cost of education is sufficiently low. Intuitively, this means that if education is very cheap no economy will be locked into a low-growth trap, while if it is very expensive, no economy will be able to reach a high-growth equilibrium.
Also, a high productivity of researchers β (which raises S ) and a strong externality (i.e. a lowσ ) increase the right-hand side of both equation (A2.4) and (A2.5), making it less likely for a LBD equilibrium and more likely for an R&D equilibrium to exist. 
